3GPP TSG RAN WG1 Meeting #94	R1-1808946
Gothenburg, Sweden, August 20-24, 2018

Agenda Item:	7.2.4.1.5
Source:	Huawei, HiSilicon
Title:	Preliminary link level evaluations on sidelink for NR V2X
Document for:	Discussion and decision 

1 Introduction
At RAN#80, a new SI was approved on V2X in NR. This SI is to study the support of advanced V2X services beyond services supported in LTE Rel-15 V2X. In addition, the NR V2X evaluation methodology was completed with the approval of TR37.885. In this contribution, we investigate whether the configuration of LTE-V2X supports the requirement of advanced V2X services at the physical layer. 
2 Link Evaluation assumptions
The link level simulation assumptions are provided in Table 1, and the frame structure is given in Figure 1.

[bookmark: _Ref521579693]Table 1 Parameter assumption of link level simulation
	Parameter
	Value

	Carrier frequency
	6GHz

	Bandwidth
	2RB

	Channel 
	cdl-a

	MCS
	16QAM, code rate-0.33/0.64
64QAM, code rate -0.42
256QAM, code rate -0.66

	Waveform
	CP-OFDM

	Subcarrier Spacing
	15/60 kHz

	CP length
	160/144Ts

	Frequency synchronization error
	Not modeled

	DMRS pattern and symbol location
	See Figure 1

	Number of antennas
	2/4 

	Antenna array configuration
(M, N, P, Mg, Ng)
	2T2R (1, 1, 2, 1, 1)
4T4R-1panel (1, 2, 2, 1, 1)
4T4R-2panel (1, 1, 2, 2, 1)

	Transmission diversity scheme
	small-delay-CDD/SFBC

	UE receiver algorithm
	MMSE

	Speed
	3/140/280 km/h

	Time delay for small-delay-CDD
	1 us
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[bookmark: _Ref521579714]Figure 1. Frame structure used for simulations.
3 Link simulation results 
The performance of different TxD schemes is evaluated under various configurations in this section. Figure 2 compares the performance of SFBC and small-delay-CDD for different MCS settings. 
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[bookmark: _Ref521590353]Figure 2. TxD performance for various MCS settings.

In Figure 3, we also investigate the performance for SFBC and small-delay CDD for different antenna configurations. More specifically, for the 4T4R case, both single-panel configuration and two-panel configuration are simulated. Figure 3 shows the performance of these two configurations. The two-panel configuration can provide better performance due to the higher diversity gain in space domain.
Observation 1: Multi-panel antenna configuration can achieve higher spatial diversity gain than a single-panel antenna configuration.
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[bookmark: _Ref521594287]Figure 3. TxD performance for various antenna configurations.

Figure 4 shows the impact of speed on the TxD schemes. It can be seen that both SFBC and small-delay CDD perform well at the high speed scenario for lower MCS. When the modulation order or the code rate becomes high, there is an error floor for both schemes.
Observation 2: With 15 kHz subcarrier spacing, achieving good link performance when applying both high relative speed and high order modulation order is challenging.
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[bookmark: _Ref521594300]Figure 4. TxD performance for various speeds.
	
We also investigate the impact of large subcarrier spacing to system performance in Figure 5. It shows that there is no error floor for high speed or high code rate with the same DMRS density when the subcarrier spacing is set to 60 kHz. More specifically, Figure 5(a) shows that each of the schemes has nearly the same performance under different speeds, which might imply that we can reduce the DMRS symbols under the configuration. While eliminating the error floor, note that it is still worth investigating reducing the DMRS overhead in order to improve throughput.
Observation 3: With large subcarrier spacing, i.e. with 60 kHz, the impact of Doppler can be mitigated due to shorter OFDM symbol. 
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[bookmark: _Ref521594322]Figure 5. TxD performance with 60 kHz subcarrier spacing.
Based on the previous observations, we propose the following:
Proposal 1: Configurable DMRS pattern with different DMRS densities should be considered, taking into account sidelink numerology and mobility. 
Proposal 2: Open-loop MIMO scheme based on SFBC should be considered for NR sidelink design.

4 Conclusion
In this contribution, evaluation result of NR V2V links are discussed. Based on the discussion, we propose:
Observation 1: Multi-panel antenna configuration can achieve higher spatial diversity gain than a single-panel antenna configuration.
Observation 2: With 15 kHz subcarrier spacing, achieving good link performance when applying both high relative speed and high order modulation order is challenging.
Observation 3: With large subcarrier spacing, i.e. with 60 kHz, the impact of Doppler can be mitigated due to shorter OFDM symbol. 
Proposal 1: Configurable DMRS pattern with different DMRS densities should be considered, taking into account sidelink numerology and mobility. 
Proposal 2: Open-loop MIMO scheme based on SFBC should be considered for NR sidelink design.
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